Abstract: Poly(ADP-ribose), identified in 1966 independently by three groups Strassbourg, Kyoto and Tokyo, is synthesized by poly(ADP-ribose) polymerases (PARP) from NAD D as a substrate in the presence of Mg 2D
Preface
Since I left from laboratory works on poly(ADPribose), nearly a decade has passed. During the period, however, I continued thinking about the immuno-biological problems of poly(ADP-ribose) with different angle from most of scientists working on poly(ADP-ribose). Recently, as if the situation was saw through, Dr. Takashi Sugimura, one of the trailblazers of poly(ADP-ribose) science solicited me to describe mainly on the immuno-biochemistry and/ or biomedicine of poly(ADP-ribose) in which I have engaged in between the mid-1970s and the 1980s: e.g., experimental production of antibody against poly(ADP-ribose) in rabbits, and identification of naturally occurring antibody to poly(ADP-ribose) in patients with autoimmune disease systemic lupus erythematosus (SLE) before the verification of in vivo presence of poly(ADP-ribose). Above two achievements were unheard-of and groundbreaking and thus have been listed as milestones in an early monograph of poly(ADP-ribose) science. 1) However, the worldwide permeation of their significance was far-difficult, because, retrospectively, the science of poly(ADP-ribose) at that time must have been a handful of biochemistry. Yet our own immunobiochemistry on poly(ADP-ribose) has been proceeded desperately with special focus on medical science. As poly(ADP-ribose) science keeps going up to the present time, it will make sense that even groundbreaking achievements at its dawn were put on back burner. Therefore, herein I described our initial painstaking works on immunochemistry of poly(ADP-ribose), and also referred to the immunobiological potentials of poly(ADP-ribose) itself. Also a number of literatures on the neurodegenerative diseases in relation to poly(ADP-ribose) were accompanied by in this review, because I am presently involved in Alzheimer's disease (AD). As was described in detail in this review, the second report, 2) following the first Nature report on naturallyoccurring antibody in SLE patients, 3) was really an outcome resulted from communication in the first paper with the reviewer who referred me to "heteroclitic" fashion as one of the mechanism of "natural antibody production". Unexpected encounter with word "heteroclitic" was episodic, however it was of great value in rethinking about not only monoclonal antibodies that are used all these years without doubt, but also poly(ADP-ribose) itself in terms of its biological potentials.
Springboard to studying poly(ADP-ribose)
The springboard to study on poly adenosine diphosphate-ribose [poly(ADP-ribose)] was the incidental meeting with Professor Dr. Takashi Sugimura in 1970 at the Institute of Medical Science, University of Tokyo where I was struggling to purify bovine catalase just after getting degree of medical doctor (MD). Professor Sugimura was an expert scientist of catalase in animals bearing tumor in which liver catalase activity was specifically suppressed by so called toxohormon produced in the tumor. 4) For the study on catalase, he willingly invited me to the National Cancer Center Institute Tokyo. After 3-4 year-laborious study on rat liver catalase, I have succeeded in the purification of catalase and thus produced antibody to it. It was so efficient and specific for catalase that I could succeed in the chase of in vivo degradation of inactivated catalase in parallel with active catalase. Result elegantly showed that inactivated catalase in vivo by 3-amino-1,2,4-triazole (AT) was decayed three times faster than active catalase. These experimental results have been published in Journal of Biological Chemistry in 1974. 5) These findings suggested that in vivo AT-modified and inactivated molecules were recognized as foreign bodies (modified autoantigen) and quickly extirpated outside the body under physiological conditions. In fact, it has been shown that immunization of rabbits with AT-modified catalase induced stronger antibody than native catalase (not published). Retrospectively, from this moment, my study should have been destined to work on autoimmunity in the future. It seems to be inevitable consequence that it is now accepted that "autophagy" misconduct, namely, the storage of useless substances is leading to some degenerative diseases such as Alzheimer's disease (AD) and autoimmune diseases. 6) Production of antibodies to poly(ADP-ribose)
At that time when I have published the article mentioned above, our laboratory headed by Sugimura was desperately working on poly(ADP-ribose): its finding in vitro and the structure too were reported by Chambon group in France, Hayaishi group in Kyoto and Sugimura group in Tokyo, quite coincidentally but under different situation in between 1966 and 1967. This historic happenings are out of the scope of my review. So that, for the details, refer to the reviews by Sugimura, 7) and Hayaishi and Ueda.
1) Mentioning briefly the background, however, poly(ADP-ribose) finding by Sugimura group has based upon a report by Chambon et al. 8) that poly(A) polymerase was stimulated 1000-fold by nicotinamide mononucleotide (NMN). But, it was soon proved by Sugimura group that the product was not poly(A) but poly(ADP-ribose). Meanwhile, Hayaishi group also reached poly(ADP-ribose) finding as an outcome after extensive studies on tryptophan metabolism for a long time. Chambon group too have reported that the enhanced product by NMN found by their own was poly(ADP-ribose).
However, for the time being, poly(ADP-ribose) was still the in vitro product by synthesized by naturally occurring enzyme, poly(ADP-ribose) synth(et)ase (PARP), first purified from calf thymus by Hayaishi group: 9),10) its name was officially recommended by the Nomenclature Committee of the International Union of Biochemistry. 10) Poly(ADPribose) was synthesized by PARP from nicotinamide adenine di-nucleotide (NAD) as substrate in the presence of Mg
2D
: NAD was synthesized first from NMN and adenosine triphosphate (ATP) by NMN pyrophosphorylase. The NAD is then utilized to form poly(ADP-ribose) by repeated formation of ribose-ribose linkage between ADP-ribose ( Fig. 1 ) up to 100 units by PARP. 7) In depth studies on the structure have revealed that ribose-ribose linkage was further added to the main chain, giving rise to blanch formation. 11),12) The first ADP-ribose unit was supposed to be covalently attached to chromatins.
Soon it has shown that (ADP-ribosyl)ated sites were on histone H1 of which amino acid residues were both glutamic acid and aspartic acid. 13 ), 14) In order to clarify its in vivo presence and biological roles, we thought that antibody to poly(ADP-ribose) would be the most powerful tool. Based upon our immunochemical experience on catalase, 3) we undertook the production of antibody to poly(ADP-ribose) in rabbits according to the method established in case of the production of anti-nucleic acids. 15),16) As expected, antisera raised in rabbits were found contained mono-specific antibody to poly(ADPribose), namely, it did cross-react with neither DNA nor RNA and related nucleic acids so far. This was clearly seen as one band of precipitin on the agar plate by the Ouchterlony method (Fig. 2) . This work was the first-ever achievement in poly(ADP-ribose) studies.
17) The significance of this achievement indicated that poly(ADP-ribose) is immunogenic, even it was mixed with methylated bovine serum (MBS) that has been established method for the production of antibody to nucleic acids. 15) Thus the search for the in vivo presence of poly(ADP-ribose) was within our hands. Instead, we tried to find the natural occurrence of antibodies to poly(ADP-ribose) in autoimmune disease, systemic lupus erythematosus (SLE).
Natural occurrence of antibody to poly(ADPribose) in the sera of patients with SLE
At that time, there were already accumulated evidences and reports that some nucleic acids are immunogenic and SLE patients have anti-DNA antibodies in their serums. 18) , 19) Under these circumstances, we considered that poly(ADP-ribose) is also molecule(s) of nucleic acids-like nature and have undertook the survey of the presence of antibodies to poly(ADP-ribose) in SLE patients. Initially we thought that the presence of anti-poly(ADP-ribose), if present, will be very minute compared with amounts experimentally produced in rabbits. 17) Therefore, essential task was the establishment of a more sensitive radioimmunoassay system than that previously used in rabbit antibodies. Finally, we produced highly radioactive [ 14 C]poly(ADP-ribose) probe using highly radioactive [
14 C]ATP and NMN as substrates by use of calf thymus nuclei as enzymes. The radioimmunoassay we adopted was unique in that complexes formed between antibody and radioactive poly(ADP-ribose) were trapped on a millipore filter after incubation, and its radioactivity was measured by a liquid scintillation counter. A number of serum samples from SLE patients have shown the positive radioactive signals as compared with the 20) After the meeting, we submitted the summary of the report to the journal Nature, and then to Proceedings of National Academy of Science, USA (PNAS). The rejection of the paper by the two journals, however, might have been ascribed to the situations that poly(ADP-ribose) was yet a mysterious molecule 21) in the field of science and much less popular amongst immunologists as well as the rheumatologists at that time. If I recall, however, it was certain that our claim of the presence of antipoly(ADP-ribose) in SLE patients was too premature: there was neither evidence that the serum binding with poly(ADP-ribose) was real antigenantibody reaction and nor was evidence of in vivo occurrence of antigen, poly(ADP-ribose), even it is synthesized in vitro, as described above. Nevertheless, we desperately continued the experiment to prove the real presence of antibody to poly(ADPribose) in SLE patients.
Final goal of natural occurrence of anti-poly(ADP-ribose) antibody
Almost three-year-struggle for the proof of the binding of poly(ADP-ribose) with sera of SLE patients has revealed that these bindings were based upon F(abB) 2 parts of IgG which is binding sites for antigen, while those of IgG from normal human sera were not. At this stage, we submitted again essentially the same paper as previous one but accompanying the above additional data to Nature office. One month later, I have received a piece of letter from Nature office. The letter said that our paper is acceptable for publication on the condition that some more data with minor revisions are added. For that, several months more have been required, but the paper of the natural occurrence of poly(ADPribose) has been finally accepted for publication. 3) Soon after the paper, other groups have shown that our finding was repeatable. 22 ), 23) In order to make the extension of the study on poly(ADP-ribose), we have developed an enzymelinked immunoassay (ELISA) without radioactive probe.
24),25) Using newly developed ELISA, naturally occurring antibody to poly(ADP-ribose) was also found in the sera of autoimmune MRL/lpr mice resembling human SLE, 26) and mice undergoing graft-vs-host reactions also produced anti-poly(ADPribose) antibody. 27) Moreover, ELISA has shown that anti-poly(ADP-ribose) antibody was found to be dominant in SLE over autoimmune diseases such as scleroderma, mixed connective tissue disease and rheumatoid arthritis. 
Induction of anti-poly(ADP-ribose) antibody with double-stranded RNA, poly(A)·poly(U)
One of reviewers on the paper mentioned above, has given me a suggestion that anti-poly(ADPribose) antibody might be induced by the "heteroclitic" reaction due to the in vivo presence of doublestranded RNA. He might have interested in that natural anti-poly(ADP-ribose) antibody was highly reactive with synthetic poly(A)·poly(U) used as an inhibitor. This suggestion became a big trigger to yield the second paper 2) in the same journal just after the previous one on the natural antibody against poly(ADP-ribose) in SLE patients, as described below.
At that time, term of "heteroclitic" was probably unfamiliar to even Immunologists. "Heteroclitic or heteroclitic antibody" was originally dubbed by Mäkelä and now is defined as an antibody produced by a given antigen (A) with higher affinity for other antigen such as (B) than a given antigen (A). 30) At all events, the suggestion above was as if God-send to me, and I tried to immunize rabbits with complexes formed between poly(A)·poly(U) and MBSA, as in the case of the production of antibody to poly(ADPribose). 17) As was advised, poly(A)·poly(U) could really induce not only anti-poly(A)·poly(U) antibody but also anti-poly(ADP-ribose) antibody. At this point, one including myself could imagine that these phenomena were due to structural homology with poly(ADP-ribose) that might be formed by interor intramolecular configuration of poly(A)·poly(U). However, surprisingly enough, anti-poly(ADP-ribose) antibody activity was unchanged but rather enhanced after extensive absorption with the immunogen poly(A)·ploy(U): the specificity to poly(ADPribose) remained unchanged at all. At this stage, we have submitted the article describing the finding that "anti-poly(AD-ribose) antibody induced by poly(A)·poly(U) was specific for poly(ADP-ribose)" to Nature. A minor revises were required, but it was smoothly accepted in 1978.
2) Thus production of anti-poly(ADP-ribose) seemed to be due to "heteroclitic reactions" happened in rabbits during sensitization with poly(A)·poly(U). Taken into account of the structural difference of sugar-phosphate backbone between two antigens, it could be ruled out that structural similarity gave rise to anti-poly(ADPribose). Moreover, failure in the production of antipoly(ADP-ribose) by immunization with poly(I)· poly(C) in rabbits supported this ideas. It is of note the statement/definition by Mäkelä that heteroclitic antibody could not be produced by metabolites of immunogens, but it could be by stimulation by chance of pre-existing heterogeneous antibody forming cells during immunization.
31) The similar opinion on heteroclitic antibody was made by Walters and Wigzell. 32) But it should be reconsidered that this notion was extracted by the experiment using a combination of plaque-forming cells and so called a hapten-carrier as antigens that was commonly used at that time, as will be described later. Whatever difference in the antibody-detecting system used is, it seemed plausible that anti-poly(ADP-ribose) antibody in SLE patients could be produced in part by heteroclitic mode by naturally occurring doublestranded RNA found in HeLa cells or in paramyxo viruses infected in the patients. 33 ), 34) Origin and vicissitude of "heteroclitic"
When the time has passed more than three decades since "our second paper 2) on "heteroclitic" described above, I wonder that "Was anti-poly(ADPribose) antibody induced by pol(A)·poly(U) really heteroclitic?" So, I retrospectively searched the "ontogeny" of heteroclitic antibody or heteroclitic, and noticed that the term originally "heterclitic" has been widely used with time especially in cancer immunology field, such as heteroclitic epitopes, heteroclitic peptides or heteroclitic immunization.
35)-38) So I consulted again a few authentic medical dictionaries on this term and confirmed there that heteroclitic antibody is produced in response to immunization with one antigen but have a higher affinity for a second antigen that was not present during immunization. Interestingly enough, Loor, at almost the same era, has independently reported the production of "heterospecific" antibody that was reactive with quite different antigen from the tabacco mosaic virus that was used as immunogen. 39) Loor showed that heterospecific antibody was the result of accidentally used different immunoglobulin H chain from that destined to given antigens during an early period of immunization. It seems to me that both heteroclitic and heterospecific are not always exclusive. Here I would like to refer to classical Eisen's report where he describes that one antigenic determinant is able to induce the synthesis of heterogeneous population of antibodies with large spectra of binding activities for the antigenic determinants. 40) receptors will ripe under the specific excitation to a matured antibody. In this sense, too much talks about either heteroclitic or heterospecific seems to be of no use. The important thing is how we utilize these phenomena in biomedicine, such as therapeutic antibodies, vaccines against infectious or autoimmune diseases.
For the sake of immune enhancement, interferon induction and adjuvant activity by synthetic double stranded RNA, such as poly(I)·poly(C) and poly(A)· poly(U) have been studied extensively during the late-1960s to the early-1970s; both activities were due to antigen specific T cell activation but not antibody producing B cell.
41)-49) In 1979, an extensive review has appeared on the immune modulation by synthetic polynucleotides 50) in which much was described about the significant role of poly(A)·poly(U), but the review did not refer to our paper that described on "the induction of antibody to poly(ADP-ribose) by poly(A)·poly(U)" reported in 1978,
2) one year earlier this review. Given that a hapten-carrier system was at that era the royal road to analyze the immune mechanisms by means of plaque-forming cells in agar-coated petri dishes, as mentioned above, 31), 32) it would be plausible that our paper was not cited in the review: even the authors describing on the monoclonal antibody produced by injecting poly(A)· poly(U) in mice one decade after the aforementioned paper 30) did not discuss the relation of poly(ADPribose) with poly(A)·poly(U), but just cited it as one of the other related papers on anti-nucleic acid antibodies. 51) Poly(ADP-ribose) immunology was really heardof at that time as a report that the natural antibody against nucleic acid-like substance introduced as "a mysterious molecule of Japan 21) " was found in autoimmune disease SLE before verification of the in vivo presence of the antigen. Moreover, induction of antipoly(ADP-ribose) antibody by poly(A)·poly(U) must have been hardly acceptable to either immunologists or rheumatologists: it was really hard timing to make immunology society recognized the complexity of poly(ADP-ribose). In fact, facilities for the poly(ADP-ribose) work at that time were limited even in the biochemistry society. Therefore, instead, it would be likely replaced by synthetic polynucleotides such as poly(I)·poly(C) and poly(G)·poly(C) in immunology society. Under such circumstances, poly(ADP-ribose)/poly(A)·poly(U) potentials for its induction of heterocliticity/heterospecificity and interferon or of adjuvant activity must have been put on back burner. Of great regret was that unheard-of such phenomena have not been investigated further even by our own hand.
Since our first production of antibody to poly-(ADP-ribose) in rabbits, a few laboratories studying poly(ADP-ribose) have shown the ex vivo presence of poly(ADP-ribose) by use of anti-poly(ADP-ribose) antibody obtained by our method. 52),53) For the in vivo demonstration of poly(ADP-ribose) at that time, the most crucial thing was to rule out the possible artifact of the polymer during cell or tissue handling. Because all type of cells except fully matured lymphocytes had contained enough PARP to synthesize poly(ADP-ribose). Moreover, in case of using an immune-fluorescent antibody in which antibody is labeled with fluorescein, purity and antigen specificity were strictly required. Different from today's easy estimation on fluorescent staining, stained tissues all with the labeled antibody could not be considered as the real presence of antigen such as poly(ADP-ribose). Therefore, excess labeled antibody was excluded so as not to increase in the nonspecific binding to the target. In addition to the strict selection of labeled antibody, possible formation of artifact by de novo synthesis by PARP during staining process must be completely blocked under the presence of PARP inhibitor 3-aminobenzamide (3-AB) during staining process. 3-AB have been developed as an analog of nicotinamide to verify the role of poly(ADP-ribose) by Purnel and Whish in 1980. 54) Under such a severe condition, I finally succeeded in staining poly(ADP-ribose) in cultured HeLa cell. Staining was especially seen in the M phase of chromosomes together with very fine granular one in nucleoplasmids (Fig. 3) . 55) Immunofluorescence detected at this moment couldn't show how length of the polymer. Because anti-poly(ADP-ribose) antibody produced in rabbits was against roughly more than 20 ADP-ribose units. Concern at this time was whether the antibody could detect how short of polymer, that is, oligomer of ADP-ribose with several ADP-ribose units. Above questions drove us further to challenge the production of antibody against oligo (ADP-ribosyl)ated histones.
Production of anti-poly(ADP-ribose) by (ADP-ribosyl)ated histone
In vitro studies at that time have indicated that ADP-ribosylation of chromatin occurs mainly in the histone H1 and H2B, and have also suggested nonhistone proteins may undergo ADP-ribosylation. 13 ), 14) We considered oligo(ADP-ribosyl)ated histone with several ADP-ribose units is more stable in vivo than free poly(ADP-ribose) with more than 10 ADP-ribose units. OligoADP-ribosylated histone was considered as if hapten-carrier system as mentioned above, that is, the carrier protein should be histone, and oligo(ADP-ribose) be equivalent to hapten in this system. Therefore, oligo(ADPribosyl)ated histone was expected to be a good immunogen. Actually, immunization of rabbits with this complex has produced antibodies reactive with poly(ADP-ribose). 56) Thus produced antibody was equally inhibited with poly(ADP-ribose) as in the case of antibody produced by poly(ADP-ribose) in rabbits. Interestingly, antibody induced by oligo-(ADP-ribosyl)ated histone was scarcely inhibited by oligomer of ADP-ribose, whereas the one induced by poly(ADP-ribose) was not at all, indicating that antibody even induced by oligomer showed higher affinity to longer chain of ADP-ribose, namely, poly(ADP-ribose). 57) In this sense, anti-poly(ADPribose) antibody induced by oligomer of ADP-ribose also should be within a criteria of "heteroclitic" because it preferred poly(ADP-ribose) much more than given antigen oligomer of ADP-ribose: refer to legend to Fig. 4 .
Above findings showed that natural occurrence of antibody to poly(ADP-ribose) in SLE patients could be actually sensitized with (ADP-ribosyl)ated histone. In fact, the demonstration of in vivo occurrence of a cross linked complexes of poly(ADP-ribose) histone by Wong and Kanai et al. would be of interest in view of this possibility 58) whatever the cross link occurs in intra or inter chains. Here, it should be mentioned that H1 dimer was only shown by electrophoretic mobility, and chemical bonding to another H1 isn't being revealed yet. It is interesting that apparently one autoantibody could be induced by a variety of mechanisms: such as by metabolic modification of auto antigens or by auto antigenunrelated viral double helical RNA that could induce heteroclitic or heterospecific antibodies as mentioned above. I think now that these evidences seemed not to be seriously considered yet at the initial era when many monoclonal antibodies have began to be reported from many laboratories. In fact, many monoclonals were heteroclitic and more or less cross reactive or polyreactive with related-or even nonrelated antigens, that is, heterospecific. 59)-62) Possible production model of anti-poly(ADP-ribose) antibody by poly or oligo(ADP-rybosil)ated histone is illustrated in Fig. 4 : the role of auto-antibody and autoantigen like nucleic acids and poly(ADP-ribose) in systemic autoimmune disease SLE has long been debated. However, since epigenetic modification of the proteins (nucleic acids are probably the case) became focused biochemically, immunologists also became aware of the importance of such modified proteins in systemic autoimmune disease as the mechanism of rendering immunogenic in vivo.
4)
Rendering native substances immunogenic in vivo is said to be the breakage of "immunological tolerance", the details of which have recently been extensively reviewed, where ADP-ribosylation of histone is also described as a frontier in this field. 63) It should be noted that ADP-ribosylation to histones could render histones immunogenic (data not shown).
Era of monoclonal antibodies
Since the establishment for the technique of hybridoma formation by Köhler and Milstein, 64) many laboratories have engaged in producing hybridomas from autoimmune disease model animals to evaluate the relation between autoantigens and a single molecule of autoantibody: a certain laboratories intended to produce monoclonal antibodies by immunization of normal animals such as rabbits with their interest molecules to analyze the molecular dynamics biochemically. However, monoclonals obtained in many laboratories were not always monospecific to a given antigen as mentioned. Our monoclonals from autoimmune MRL/lpr mouse were also the case. 65) For us too, hybridomas producing a monoclonal antibody was considered to be the best way to analyze the mechanism of antibody formation to poly(ADP-ribose). Because, in advance, we have confirmed that the sera of autoimmune model MRL/ lpr mice also contained antibodies reactive with poly(ADP-ribose), 26) although they were not the same as those seen in SLE patients. At that time, for scientists who engaged in autoimmune analysis, such findings of polyreactivity of monoclonals were beyond the scope of expectations. Based upon a barrel of reports showing polyreactivity of monoclonal antibodies, many laboratories have engaged in the sequence of antibody-binding V genes of monoclonal antibodies. These studies showed that polyreactivity is depend on the stage of antibody forming B cell maturation where it is possible that the germ-line could be mutated under various B cell situations: the more antigenic stimulation occurs, the more higher affinity antibody is produced. 66) Taking account of the situation or stage of maturation of antibodyproducing B cells in autoimmune model mice, it was Overview on poly(ADP-ribose) immuno-biomedicine and future prospects No. 7] quite natural that established hybridomas could produce a variety of monoclonal antibodies. It was found that our polyreactive monoclonal antibody derived from an MRL/lpr mouse had also used a germ-line of V-gene. 67) One of exceptional cases will be the first monoclonal antibody H10 to poly(ADPribose) obtained from normal mouse immunization with poly(ADP-ribose), seemed to prefer the repetition of ribose-ribose linkage but not blanched structure. 68) Significance in obstetrics of poly(ADP-ribose)/ anti-poly(ADP-ribose) antibody
During the studies of anti-poly(ADP-ribose) on the gestation in autoimmune MRL/lpr mice which was known to have small litter size of fetus compared with that of normal counterpart, it was found that the number of fetus of the mice and titers of antipoly(ADP-ribose) were anti-parallel, namely, the mice with high titers of anti-poly(ADP-ribose) gave rise to low litter size of fetus. 69) Thus we suspected that loss of fetus is due to the over production of poly(ADP-ribose) under the autoimmune disorder like SLE. In human pregnant case too, we have confirmed that SLE patients who had high titer of anti-poly(ADP-ribose) tended to fetal loss just after trimester. 70) These data from mice and humans suggested us that anti-poly(ADP-ribose) might involve in fetal loss and that the antibody could be produced by the excess production of poly(ADP-ribose) or by excess ADP-ribosylation of chromatin proteins. In order to prove this hypothesis, we administered PARP inhibitor benadrostin (BD), which has been isolated from the fermentation broth of Streptomyces flavovirens MH499-OBF1, 71) to female MRL/lpr mice. As expected, the number of fetus produced from the mice received BD was increased comparable to that of counterparts just given solvent alone. 72) This result at least indicated that antigen poly(ADP-ribose) and/or anti-poly(ADP-ribose) antibody might be involved in such fetal loss.
At this moment, the possibility that PARP inhibitors had some immune regulatory potentials was completely out of my considerations. While I was searching for the literature on 3-AB, I have happen to find a paper that 3-AB, the first PARP inhibitor synthesized in 1980 as mentioned above, could modulate natural killer cells (NK) or lymphokineactivated killer cells (LAK). 73) , 74) This strongly ignited me to consider yet unknown functions of PARP inhibitors for future clinical applications to such as neurodegenerative disease and cancer, as described below. In this connection, it should be mentioned that our preliminary test using 3-AB ahead of BD showed the recovery of fetal loss as well (not published). However, we had no idea that whether BD, a microbial product could modulate NK and LAK.
Neurodegenerative diseases and poly(ADP-ribose)
Glutamic acid, a major central excitatory neurotransmitter, contributes to neuronal degeneration during hypoxia and hypoglycemia. 75) Brain ischemia induced by stroke causes DNA fragmentation. 76) Moreover, increase of Ca 2D influx elicited by glutamate induces neuronal cell death.
77) It is known that excess amount of Ca 2D in the cells activates Ca 2D dependent endonucleases that could hydrolyze chromosomal DNA into fragments, leading to the activation of PARP. 78) Cell demise is believed to be due to the deficiency for NAD or ATP as a result of usage of these precursors for the formation of poly(ADP-ribose). However, whether or not the presence of poly(ADP-ribose), the product of PARP, on the site was still unclear yet at that time. On this matter, a decade ago, we had shown the presence of poly(ADP-ribose) in cultured HeLa cells by an immunofluorescent technique using our specific rabbit antibody to poly(ADP-ribose). 55) Therefore, that technique made us first to demonstrate the presence of poly(ADP-ribose) in the cerebellar granule cells which were cultured in the presence of a certain amount of glutamate to induce neurotoxicity. 79 ), 80) Soon after above paper on the accumulation of poly(ADP-ribose) in the spot of neurotoxicity in the brain, nitric oxide-or N-methyl-D aspartate-mediated neurotoxicity has shown to be blocked by 3-AB and its homologs by other group. 81) Since then, a barrage of papers dealing with cell demise by DNA strand break on the anoxia due to stroke not only in the brain but also in the heart has been reported. 82) Among these reports, two papers from Love et al. drew my attention. The first was on neuronal accumulation of poly(ADP-ribose) after brain ischemia, 83) and the second was on the increased poly(ADPribosyl)ation of nuclear proteins in Alzheimer's disease (AD). 84) My finding around the same era that anti-poly(ADP-ribose) antibody is present in the sera of AD patients, 85) was well consistent with those of above two papers. Well, it was surprise to me that the relation between AD and (ADPribosyl)ation in the brain had become to be red hot Y. KANAI [Vol. 92, topic. Relation between PARP and acute neuronal death or inflammation is clearly depicted by Skaper. 86) In terms of the etio-pathogenesis of AD, there appears to be some discrepancy between a transient poly-or (ADP-ribosyl)ation on the site of stroke and its long stay there, if assuming that this relates to the onset of AD for which usually as many as 10-20 years are required: for the access to the mode of deposit of poly(ADP-ribose) in AD and its fate in the case of stroke, poly(ADP-ribose) degrading enzymes in vivo, such as phosphodiesterases and glycohydolase should be taken account. 87 ), 88) Main concerns on the DNA strand break in association to the stroke were NAD or ATP depletion due to ADP-or poly(ADP-ribosyl)ation for the DNA strand break repair. 86) In case of stroke, transient shortage of NAD is very crucial for the maintenance of energy supply to intact cells around the stroke area to survive. So that one thinks that exogenous supply of NAD may play a role. In this sense, delivery of PARP inhibitor alone to the affected site seems to be irrational because it may rather contribute to retardation of DNA excision repair. Rather the side effects of inhibitors should be taking account: simultaneous administration of NAD and inhibitors might be of use.
Chemopotentiation by PARP inhibitors in cancer therapy
Initial studies of poly(ADP-ribose) some 4 decades ago have already suggested that it involves in carcinogenesis with special reference to DNA excision repair. 89 ),90) The consequence of blocking of the synthesis of poly(ADP-ribose) in carcinogenesis was one of the great concerns in order to know the function. Therefore, 3-AB was first-ever inhibitor for PARP synthesized as a metabolic competitor for NAD D which was a substrate for PARP synthesis, as described above. 54) Triggering of red hot focusing of the inhibitors of PARP will be the appearance of papers from 1994 to 2005 in which ovarian or breast cancers defected in tumor suppressors, BRCA1 (breast cancer 1, early onset) or BRCA2, were especially sensitive to PARP inhibitors. 91)-93) Since then, desperate hunting worldwide of excellent PARP inhibitors in the management of BRCAassociated breast and ovarian cancers is under way.
94), 95) Of note is that PARP inhibitors developed as above have nicotinamide (NA) "pharmacophore". It must be considered here that PARP inhibitors containing NA pharmacopore may have immune regulatory function, as seen in 3-AB. 73 ), 74) It seems to me that there exists disharmony between societies of cancer academy and of neurodegenerative disease academy in terms of usage of PARP inhibitors as their treatment. It is of no use being in fierce contention as to the application of PARP inhibitors to these two diseases of apparent different criterion, although, patho-physiologically their fundamentals are partially the same. Here, it should be kept in mind that main concern of poly(ADP-ribose) study has been primarily toward cancer. Thus, as a scientist who, at present, more or less, involves in two fields, my simple question is whey neuroscientists as successors do not have contact with learned experts in cancer/poly(ADP-ribose) research. In relation to this matter, I happened to find a mini-review on PARP-1 inhibition, in which trail of poly(ADP-ribose) studies since 1963 and recent pharmaceutical application of PARP-1 are neutrally described. 96) This review will be of especially use for the reader in the PARP field as well as so called "non PARPist" to understand the PARP world.
Conclusions
This overview was written focusing on the immuno-biomedicine of poly(ADP-ribose) with special reference to that done during the period from the mid-1970s to the 1980s. However, looking back over the history of poly(ADP-ribose), I really felt that nothing could be talked about poly(ADP-ribose) science without its esoteric roles in DNA excision repair explored in the early-1980s as described in this review. All these years, however, a certain focus is directed to PARP inhibitors by which the loss of functions such as motor neuron paralysis occurs just after stroke could be ameliorated. Their applications to chronic inflammation such as rheumatic diseases and ulcerative colitis are being considered as well. 82) Moreover, Altzheimer's disease (AD) also will be the target for PARP inhibitors in terms of neuronal cell death, as described. On the other hand, it is better left unsaid that many pharmaceutical companies are in fierce competition in the synthesis or hunting of PARP inhibitors as a chemopotentiator in cancer. In contrast, however, as to the role of poly(ADPribose), much remains to be studied yet. As referred to in this review, poly(ADP-ribose) alone seems to have potentials as an immuno-modulator. Moreover, I expect heteroclitic/heterospecific actions by poly(ADP-ribose) sensitization in vivo, as seen, for example, in a report by Sibley et al. 97) In this context, the possible presence with as yet undetermined naturally occurring double stranded RNAs may augment its function in which innate immunity and Toll-like receptors (TLRs) are involved.
98)-102) In this sense, it might be of use to apply the classic method to produce a large amounts of poly(ADPribose) as far as calf thymuses a source of PARP are available. 103) Presently, poly(ADP-ribose) polymerase (PARP), initially called poly(ADP-ribose) synthetase 9),10) constitutes a large family of 18 proteins, encoded by different genes.
104) PARP-1 is the founding member and is activated by DNA strand break. 89 ),90) Therefore, I would like to remind readers that PARP used in this review means PARP-1. After the completion of this overview, I happened to find the paper by Kurukenberg et al. describing on the relation between innate immunity and extracellular poly(ADP-ribose) 105) which seems to be first-ever in terms of focusing on poly(ADP-ribose) alone, that is, extracellular poly(ADP-ribose). This was really like a blot from the blue.
